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Abstract
The dissipation of three insecticide flufenoxuron, lufenuron and tebufenozide residues in grapes after field treatments and during the wine making process was assessed.
Residues were determined in grape, must, centrifuged must and wine samples by HPLC-UV after cyclohexane extraction and clean-up on silica phase cartridges. Vines in vineyards with white and red grapes located in Central Greece were sprayed once with commercial formulations of each insecticide at the recommended doses in experiments carried out in 2004 and repeated in 2006. The insecticide residues in grapes showed slow reduction for a period of 42 days after application following firstorder kinetics with dissipation rates ranged from 0.011 to 0.018 mg kg -1 d -1 . However, at the recommended pre-harvest interval (PHI) residues did not exceed 0.27±0.03 mg kg -1 for flufenoxuron and lufenuron and 0.68±0.07 mg kg -1 for tebufenozide and they were clearly lower than the maximum residue limits (MRLs) set by EU for grape (2 mg kg -1 for flufenoxuron, 1 mg kg -1 for lufenuron and 3 mg kg -1 for tebufenozide). Grape processing into wine caused an almost complete reduction for flufenoxuron and lufenuron as their residues in wine were below the method LOQs (<0.01 mg L -1 ), but only a moderate reduction for tebufenozide with concentrations from 0.13 to 0.26 mg L F o r P e e r R e v i e w O n l y
Introduction
The use of insecticides in viticulture is essential for grape protection against pest diseases, and their use is therefore important on grape productivity and on wine quality.
The grape moth (Lobesia botrana) is a wide-spread and harmful pest of grapes.
During one season in Greece, this insect has three or four generations, if environmental conditions are favourable. This fact leads to the need for pesticide treatments as near as possible to harvest. The use of these products, particularly when the dose and /or the established pre-harvest time is not observed , can lead to hazardous residues (Fernandez et al. 2005a) . It is thus of particular interest to assess the presence of residues of these compounds in grapes and their processed products, such as wine. Among the different chemical classes of new insecticides which have been available the last years to control insects on vine, the benzoylureas (flufenoxuron, lufenuron and other active substances) and the diacylhydrazine tebufenozide are the most promising (Tomlin 2000) . These insecticides belong to the family of growth control, so they have the lowest risks for the non-target organisms and their use helps in respecting the environmental balances. Put on the market in the 1990's to replace the toxic insecticides, they were included in plans for integrated protection.
Since the amount of residues is greatly affected by the pre-harvest interval, high residues could be present in grapes at harvest time, especially when the active substance applied shows high persistence. Consequently, pesticides residues could also be present in wine if the effect of the wine-making technique on residue reduction is poor (Cus et al. 2010, Cabras and Conte 2001) . Although data for fungicide residues on grapes and their fate during wine-making are widely available (Garcia-Cazorla and Xirau-Vayreda 1994 , Cabras et al. 1997 , Cabras et al. 1998 , Garcia et al. 1999 , Cabras and Conte 2001 , Fernandez et al. 2005a , Mirlean et al. 2005 Garau et al. 2009 ), data for insecticide residues are quite limited (Cabras et al. 1995 , Sala et al. 1996 , Goodwin and Ahmad 1998 , Navaro et al. 1999 and even less as far as benzoulurea and other insect growth regulator insecticides are concerned (Tsiropoulos et al. 1999) . However, the type of wine-making process and the different oenological steps (with or without maceration, clarification, filtration) carried out can influence the reduction of pesticide residues (Fernandez et al. 2005a and b, Oliva et al. 2007 , Cabras and Angioni 2000 , Ruediger et al. 2004 ).
This paper aims to contribute to the knowledge of the fate of three common insecticides (flufenoxuron, lufenuron and tebufenozide) residue levels in grapes of two vine cultivars (Roditis and Cabernet Sauvignon) after field applications and during the winemaking process, for which there are very few data concerning the persistence of these active ingredients in grapes and their behaviour during vinification. Furthermore, the influence of different clarifying substances on the removal of residues from wine was studied. Cyclohexane and dichloromethane were pesticide residue grade, water and tetrahydrofurane were HPLC-grade and acetonitrile was HPLC-far UV grade. All solvents were purchased from Labscan (Dublin, Ireland). Silica SPE cartridges (500 mg/3 mL) used for the extracts clean-up were purchased from Isolute (IST Ltd.
Materials and methods
Chemicals and standards solutions
International Sorbent Technology, Mid Glamorgan, UK). Bentonite, charcoal, polyvinylpolypyrrolidone (PVPP), cellulose, potassium caseinate, gelatine and colloidal silicon dioxide were commercial grade products.
Insecticides formulations Cascade 10 DC (10% flufenoxuron w/v), Match 5 EC (5% lufenuron w/v) and Mimik 24 SC (24% tebufenozide w/v) were purchased from commercial market.
Field experiment
The experimental trials were carried out in two vineyards, located at Nea Aghialos, Magnesia, central Greece. The first vineyard was planted with the white grape cv.
Roditis and the other with the red grape cv. Cabernet Sauvignon. The vines in both vineyards were spaced 1.20 m on the row and 2.70 m between the rows, and, during the experimental periods, they received routine horticultural practices. Vinification Process.
Determination of insecticides was performed on grapes before vinification, in crude must, clear must, racked and filtered wine and clarified wine.
For studying the fate of insecticides residues from vine to wine, samples of grape were processed to produce must and wine. Wine was also produced from grapes collected from the control plot to be used as control sample. Vinification experiments The samples of grapes before vinification, prepared as described for grape samples in the precedent section, must and clear must, unclarified and clarified wine of sprayed grapes, as well as control wines were conserved at -18 °C until analysis.
Sample extraction and clean-up procedure
The investigated insecticides were extracted from the matrices (grapes, must and wine) by a simple and one step extraction using a mixture of cyclohexanedichloromethane (9/1, v/v) as the extraction solvent described by Likas and Tsiropoulos (2009) and presented briefly below. An aliquot (10 g of previously homogenized grape sample or 5 mL of wine) was mixed in a centrifuge tube with the extraction solvent mixture (10 mL for grapes or 5 mL for wine). The tubes were well agitated for 30 min in orbital shaker and centrifuged. After centrifugation, an appropriate volume of organic layer (5 mL and 3 mL for grape and wine samples, respectively) was transferred to a pear shape flask, carefully evaporated to dryness with a rotary evaporator at 40 o C and the residue was quantitatively transferred with about 1 mL cyclohexane to preconditioned with 10 mL cyclohexane Silica SPE cartridges. After loading of the sample extract, the cartridge was rinsed with 10 mL cyclohexane followed by 3 mL of a cyclohexane-tetrahydrofuran (90/10, v/v) solution. The pesticides were eluted with 2 mL tetrahydrofuran and the eluent was dried under a gentle stream of nitrogen. Residues were re-dissolved in acetonitrile-water (50/50, v/v) solution (in 1 mL for grape and in 0.5 mL for wine) and the resulting solutions were filtered prior to injection into the HPLC system. Unprocessed must and centrifugal must samples were extracted as grape or wine samples, respectively.
Instrumentation and Chromatographic Conditions
Chromatographic analysis for the determination of flufenoxuron, lufenuron and tebufenozide was performed with an HP 1100 liquid chromatograph (Hewlett-Packard GmbH, Waldbronn, Germany) equipped with a ternary-delivery system, a variablewavelength UV detector and an HP ChemStation LC 3D chromatography manager data acquisition and processing system with the ability to obtain UV spectra at selected retention time of chromatograms. The analytical column was a Thermo Hypersil HS C 18 column (250 x 2.1 mm I.D with 5 µm particle size) with a guard column and was Under these chromatographic conditions tebufenozide, flufenoxuron and lufenuron were well separated and their concentrations were determined by the external standard technique by comparing the peak heights in the samples with those found in the calibration solutions.
Results and discussion
Analysis
The screening method used for pesticides residues determination is simple and suitable for routine analysis. The cyclohexane-dichloromethane solution at 9/1 ratio effectively extracted lufenuron as well as flufenoxuron and tebufenozide. Accuracy data were provided for flufenoxuron, lufenuron and tebufenozide by recovery experiments (n=5) with grape and wine samples at three different levels (0.05-1.00 mg 
Field sample analysis and wine-making
Dissipation of flufenoxuron, lufenuron and tebufenozide residues in "Roditis" and "Cabernet Sauvignon" grape samples from the field experiments is presented in
Figures2, 3 and 4. It should be noticed that the insecticides were applied when grapes had attained their final size and any diluting effect was negligible thereafter. In addition, no residues of the studied insecticides were detected in any of the analysed control grape or wine samples.
The data relating to the residues in grapes, must and wine for the vinification experiments carried out are reported in Tables 1, 2 , 3 and 4. process, flufenoxuron residues were not determined in the produced wines (Table 4) with both vinification techniques (with or without maceration) showing the same influence of vinification technique on flufenoxuron residue reduction.
Lufenuron. Lufenuron showed analogous to flufenoxuron persistence on grapes during the field experiments. During 2004, residues of lufenuron on grape samples at 0 DAA ranged from 0.39±0.03 to 0.46±0.09 mg kg -1 for "Cabernet" and "Roditis" grapes, Lufenuron dissipation on grapes (Figure 3) showed pseudo-first-order kinetics (R 2 > 0.897) with low values of reduction rates ranging from 0.011 for "Cabernet" and 0.016 for "Roditis" grapes. Considering our data for flufenoxuron and lufenuron dissipation and the published data for teflubenzuron dissipation in grapes, between the three benzoylurea insecticides, teflubenzuron seems more persistent than the other two.
The grape samples used to study lufenuron residues partitioning during vinification process were harvested at 21 and 30 DAA for the wine-making process in 2004 and from 21 and 40 DAA for that in 2006. During wine production without maceration and before fermentation, a part of lufenuron residues was removed with the solid part of grapes and the remaining residues in must ranged from 0.09 to 0.16 mg kg -1 with mean values of transfer factor from grapes to must at 0.45 and 0.43, for "Roditis" and "Cabernet" grapes, respectively. After the must centrifugation, lufenuron residues in the clear must were 0.01-0.03 mg L -1 and the calculated transfer factor from must to wine was <0.08, indicating that lufenuron was strongly adsorbed by the suspended solids in the must. Wines obtained at the end of the wine-making process (with and without Tebufenozide. After treatment, at 0 DAA, mean concentration of tebufenozide residues on grapes were 0.74±0.04 to 0.95±0.14 mg kg -1 , for "Cabernet" and "Roditis" grapes, respectively. Tebufenozide residues during the experimental trial dissipated slowly according to pseudo-first-order kinetics (R 2 = 0.8809-0.8878) with reduction rates ranging from 0.011 for "Cabernet" to 0.018 for "Roditis" grapes ( Figure 4 ). In particular, tebufenozide residues decreased slowly to 0.72±0.05 and 0.68±0.06 mg kg The clearly different fate of tebufenozide residues relatively to those of flufenoxuron and lufenuron during the wine-making process is due mainly to their different distribution capacity between the liquid and solid phase of the produced must and wine as found from the calculated high tebufenozide transfer factor values from must to centrifuged must and from must to wine.
Wine clarification experiments performed for wines containing tebufenozide residues ( Figure 5 ) showed that among the tested clarifying agents, i.e. bentonite, potassium caseinate, gelatine-silicon dioxide and polyvinylpolypyrrolidone did not presented significantly decrease the pesticide residue concentration compared with non- clarified wine. On the other hand, clarification with charcoal significantly reduced (by 95%) tebufenozide residues in wine confirming that it is the most effective between other clarifying agents for reducing various pesticides in wine (Cabras et al. 1995 , Tsiropoulos et al. 1999 , Ruediger et al. 2004 , Fernandez et al. 2005b , Oliva et al. 2007 ).
Conclusions
All of the 'insect growth regulator insecticides' studied showed very slow dissipation in grapes in the field described by pseudo-first-order kinetics and giving dissipation rate values between 0.011 and 0.018 d -1 . Their residues' concentrations at the recommended PHI were clearly below the established MRLs in grape by EU (2 mg kg -1 for flufenoxuron, 1 mg kg -1 for lufenuron and 3 mg kg -1 for tebufenozide), while the measured concentration were below the MRL value even just after application.
Therefore, the use of these insecticides should not create limit problems if used following good agricultural practices.
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